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Galanin contributes to ultraviolet irradiation-induced inflammation in human skin
Abstract
Exposure of the skin to ultraviolet (UV) irradiation causes various consequences such as inflammation and photoageing. Galanin is an active neuropeptide expressed widely in the central nervous system and peripheral tissues including the skin. Galanin promotes or inhibits inflammation in a context-dependent manner, but its role in UV irradiation-induced responses in human skin was still unknown. UV irradiation induced a substantial expression of galanin in primary epidermal keratinocytes in vitro and in human epidermis in vivo.
Galanin knock-down by siRNA transfection markedly inhibited UV irradiation-induced expression of matrix metalloproteinase (MMP)-1, interleukin (IL)-1β, IL-6 and cyclooxygenase (COX)-2. Moreover, siRNAmediated knock-down of GAL 2 , a principal galanin receptor in the skin, led to a considerable decrease in these mediators in keratinocytes. Collectively, our findings suggest that galanin is an important messenger between the neuroendocrine system and UV irradiationdamaged skin.
| BACKGROUND
Ultraviolet (UV) irradiation causes various biological effects in the skin, including inflammation, sunburn, immunosuppression, photocarcinogenesis and premature ageing (photoageing). [1] [2] [3] Exposure of human skin to UV irradiation induces several matrix metalloproteinases (MMPs), which are strongly correlated with photoageing. [4] UV irradiation triggers skin inflammation by inducing the production of cyclooxygenase (COX)-2 and proinflammatory cytokines including interleukin (IL)-1β and IL-6 in keratinocytes. [5, 6] Galanin is an active neuropeptide comprising 29 or 30 (in human) amino acids and is distributed widely in the central nervous system and peripheral tissues. [7, 8] Extra-neuronal expression of galanin has been demonstrated. For example, galanin-like immunoreactivity was found in keratinocytes and nerves of the dermis, as well as in the basal layer of the epidermis. Furthermore, blood vessels, hair follicles and sweat glands are immunoreactive for galanin. [9, 10] Galanin exerts its diverse actions via three subtypes of galanin receptors (GAL 1 , GAL 2 and GAL 3 ). GAL 2 is expressed strongly in epidermal keratinocytes. [11] Galanin regulates inflammation as an inflammatory or anti-inflammatory mediator in a contextdependent manner. [12] Our microarray data revealed that galanin is significantly differentially regulated in intrinsically aged skin (unpublished observation M.J. Lee and J. H. Chung). However, its role in UV irradiation-induced responses in human skin has not been characterized.
| QUESTIONS ADDRESSED
This study investigated the role of galanin in UV irradiation-induced expression of IL-1β, IL-6, MMP-1 and COX-2 in human epidermal keratinocytes.
| EXPERIMENTAL DESIGN
Detailed procedures can be found in Data S1 in the supporting information. This study was approved by the institutional review board of Seoul National University Hospital and conducted according to the Declaration of Helsinki principles.
| RESULTS
To confirm whether galanin expression was induced in human epidermis in vivo, human buttock skin was exposed to two minimal erythema (Figure 2B) . Moreover, galanin knock-down markedly inhibited UV-induced expression of IL-1β, IL-6 ( Figure 2C ) and COX-2 ( Figure 2D) . These results suggest a role for galanin in regulating UV irradiation-induced changes in MMP-1, proinflammatory cytokines and COX-2.
The functions of galanin are mediated by its receptors. Thus, we investigated whether galanin regulated UV irradiation-induced inflammatory responses through GAL 2 in primary human epidermal keratinocytes. GAL 2 mRNA at 48 h after UV irradiation was considerably higher than that in control cells. Indeed, siRNA-mediated knock-down of GAL 2 (Fig. S1A) , the principal receptor in the skin, decreased the expression of IL-1β, IL-6 and COX-2, along with a notable decrease of MMP-1 expression (Fig. S1B-E) .
| CONCLUSIONS
Galanin and its receptors are expressed in extra-neuronal as well as neuronal tissues. [7, 11] In this study, UV irradiation upregulated galanin mRNA and protein expression in keratinocytes in vitro and in human skin in vivo. Increased galanin expression is also closely associated with UV irradiation-induced inflammatory responses.
MMP-1 induced by UV irradiation mediates collagen damage, which accumulates with each successive UV exposure. Such cumulative collagen damage contributes significantly to the phenotypic features of photoaged human skin. [4, 13] In this study, UV irradiationinduced MMP-1 expression was inhibited by galanin knock-down in normal human keratinocytes, suggesting that galanin plays an important role in collagen degradation mediated by MMP-1 during photoageing.
The role of galanin in acute inflammation is controversial. [7, 14] While mice overexpressing galanin show attenuated cutaneous plasma extravasation by mustard oil, [15] galanin knockout mice demonstrate a deficit in neutrophil accumulation in the skin as well as a lack of acute inflammatory oedema. [16] Consistent with the latter finding, in this study, UV irradiation-induced pro-inflammatory cytokines (IL-1β and IL-6) and COX-2 were downregulated by galanin knock-down in human epidermal keratinocytes, suggesting that galanin induced by UV irradiation may further increase these inflammatory molecules.
Ligand-binding activation of GAL 2 leads to an increased activity of protein kinase C and mitogen-activated protein kinase involved in inflammatory responses. [7] The coexpression of galanin and GAL 2 in keratinocytes is suggestive of an autocrine mechanism. Further study using recombinant galanin or GAL 2 -specific antagonist is necessary to elucidate the mechanism of action of galanin in UV-induced inflammation. Interestingly, UV irradiation increases galanin expression in the upper layers of the epidermis. Treatment of keratinocytes with galanin results in increased cytosolic Ca 2+ concentrations. [11] This suggests that increasing galanin by UV irradiation might alter cytosolic Ca 2+ -gradient in the epidermis, which may influence keratinocyte differentiation. [17] Further studies are necessary to clarify the biological effects of changes in the Ca 2+ concentration mediated by galanin.
Collectively, these findings suggest that galanin is an important messenger between the neuroendocrine system and UV irradiationdamaged skin. To better understand the diverse biological effects of galanin, it is necessary to investigate the molecular mechanisms by which galanin and GAL 2 regulate UV irradiation-responsive immediateearly genes in human skin.
